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© Epoxy(meth)acrylate resin, process for preparing the same and adhesive composition containing the same 



@ The fluorine-containing epoxy(meth)acryiate resin of the 
invention is represented by the following general formula (I). 
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tng epoxy(meth)acrylate resin and a photo polymerization 
initiator, which can be cured at room temperature within a short 
time by irradiation with an UV ray to form a cured product having 
a refractive index n 2 ,° ranging from 1.434 to 1532. The 
adhesive composition of the invention has a particular utility 
when used to form a part or zone contacting with a quarz glass 
or glass fibers, since it is improved In matching of the refractive 
index with those of the quarz glass and optical fibers. 
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ot -#-C(cr 3 ) 2 -*- fwher* i *tand» for - <5) -J. 
-C(Cr 3 ) 2 -*'-C(Cr 3 ) 2 - (where itand. I or *{§y ) 

and -CH2(CF2)bCH2-; n is zero or a positive integer; and X is 
hydrogen or methyl group. 

The resin of the invention may be prepared by reacting a 
digtycidyl ether of a fiuorine-contatning hydrocarbon (Rf) with 
acryiic acid or methacryiic acid. Further provided is an adhesrve 
composition comprising the aforementioned fluorine-contain- 
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Description 

Epoxy(meth)acrylate Resin, Process for Preparing the Same and Adhesive Composition Containing the Same 
BACKGROUND OF THE INVENTION : 

He T^e 0 presenTinventi on relates to a novel fluorine-containing epoxy acryiate resin and fluorine-containing 
eooxy methacrylate resin (hereinafter referred to inclusively as "fluorine-containing epoxy(meth)acrylate 
resin 1 ) a process for preparing the same and an adhesive composition containing the fluonne-contammg 
epoxyfmethjacrylate resin. More particularly, the adhesive composition provide by this invention has a 
refractive index which may be controlled to a desired value, and forms a cured mass excellent in adhesiveness 
and machnical properties. A more characteristic ment of the adhesive composition of the invention resides in 
that the fluorine^ontaining epoxy(meth)acrylate resin contained as a curable component is cured at room 
temperature within a short time under irradiation with an UV (ultraviolet) ray. 

Prior Art Statement; . . ,. 

With the procress of the optical communication systems, epoxy resins have been increasingly used m the 
instruments used in such systems. To improve the adaptability of the epoxy resins for such applications, it is 
requested that the epoxy resins used for such purpose should have the following properties: 

(1 ) The resin should have a low refractive index to match with the refractive index of an optical member 
made of glass or a like material; and 

(2) The resin could be cured at a low temperature to obviate adverse influences of heating on the 
optical members otherwise occurred if the resin would be cured at a high temperature during the 
operation for curing the resin for binding the optical members. „~,^ nnta{ „inn 

United States Patent No 4 591 .627 discloses an adhesive composition composed of a fluorme-containing 
epoxy resin, a reactive diluent containing fluorine and a hardner or curing agent containing fluorine The 
adhesive composition taught by this prior patent has a refractive index which may be d.scret.onaUy selected 
within arange of from 1.415 to 1.57, and is improved in thermal stability and adhesiveness. The ment achieved 
by the use of the composition as an adhesive for binding optical members, such as glass fibers or optical 
glasses, is remarkable due to its adaptability for matching the refractive index with those of the associated 
optical members. However, the adhesive composition taught by this reference cannot be cured at room 
temperature, the condition required for curing the same being 90" C for 4 hours or 60* C for -15 hours Onthe 
other hand it has been known in the art that an epoxyacrylate resin introduced with an ethylemcally 
unsaturated group is excellent in adhesiveness and resistance to heat It is also known that such a known 
35 epoxyacrylate resin has photosensitivity due to the presence of the ethyienicalty unsaturated group, and may 
be cured at room temperature upon irradiation with an UV ray. Making use of this advantageous property, the 
epoxy acryiate resins introduced with ethylenically unsaturated groups have been used as photo-curate 
adhesives or in photc-curabie paints. However, these known epoxy acryiate resins have refractive indices of 
from 1 .53 to 1 .60 which are substantially equivalent to those of the ordinary epoxy resins containing no fluorine 
40 atoms. 

OBJECTS AND SUMMA RY OF THE INVENTION : 

Accordingly a first object of th is invention is to provide a novel epoxy(meth) acryiate resin containing 
intramolecular fluorine atoms (which will be simply referred to as 'fluorine-containing epoxy(meth)acryiate 
45 resin- throughout the specification and claims) having a low refractive index, and to provide a process for 

P Tsewnd U obiert r oTthis invention is to provide a novel adhesive composition including a fluorine^ontaining 
epoxy(meth)acrylate resin as the main ingredient, the composition being superior over those mainty 
composed of the conventional fluorine^ontaining epoxy resins in that it is curable at a ^ tenperature wttun 
50 a short time and the composition being more conveniently used in optical instruments than the adhesive 
compositions mainly composed of the conventional epoxyacrylate resins in that it has a low refractive .index. 

The fluorine-containing epoxy(meth)acrylate resin, provided in according with the present invention, is 
represented by the following general formula (I) of: 
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onH rHofPFoUCH.-- n is zero or a positive integer; and X is hydrogen or methyl group. 
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resin represented by the following general formula (!) of: 
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wherein R^ is selected from the group consisting 
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of -0-C( CF 3 ) 2 ~0- (where 0 stands for -<0>- --), 
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-C(CF ) -tf'-CtCF.).- (where stands for T®T- ) 
3 2 >i ^ 
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comprising the 



, rH rrFo^CH,-- n is zero or a positive integer; and X is a hydrogen or methyl group; 
and ^< CF *>^ ether of afluorine^ontaining hydrocarbon (R f ) w,th at least one of 

hydrocarbon (Rf) being represented by the following general formula (II) 
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wherein is selected from the group consisting 



15 



of -0-C(CF 3 ) 2 -0- (where 0 stands for -<0>- -), 
-C(CF ) -*S'-C(CF ) 2 ~ (where 0* stands for -\$J ) 



20 



and -CH2(CF2)sCH2-; and n is zero or a positive integer. 

The adhesive composition, according to the present invention, comprises a photo polymerization initiator 
and afiuorine-containing epoxy (meth)acryiate resin represented by the following general formula (I) of: 
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wherein is selected from the group consisting 



of -0-C(CF 3 ) 2 ~£- (where 0 stands for - {£} -} . 

45 

-C(CF 3 ) 2 -^ , -C(CF 3 ) 2 - (where stands f or 1§X ) 

50 

and -CH2(CF2)sCH2-; n is zero or a positive integer; and X is hydrogen or methyl group. 

BRIEF DESCRIPTION OF THE DRAWINGS : 

Fig. 1 is an infrared absorption spectrum chart of a bisphenoi-AF epoxyacryiate (AFGA); 
55 Rg. 2 is an infrared absorption spectrum chart of an epoxymethacrylate of l,3-bis(2-hydroxy- 

1,1,1,3,3,3 -hexafluoropropyt)benzene(BBGMA); 

Rg. 3 is an infrared absorption spectrum chart of an epoxymethacrylate of 2^ I 3,3 ) 4A5,5,6 1 6 f 7,7,-dode- 
cafluorooctane-l,8-diol (DOGA); 

Rgs. 4 to 7 are graphs showing the changes in residue index in terms of the change in amount of 
60 irradiation when adhesive compositions of the invention are irradiated with UV rays; 

Rg. 8 is a graph showing the refractive indices vs. contents of fluorine of some examples of the 
invention; and 

Rg. 9 shows the wave length dependency of transmrttances of the cured masses of AFGA and DOGA 
prepared in accordance with the invention. 
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DESCRIPTION OF PREFERRED EMBODIMENTS : 

" The mo^ important feature for achieving the objects of the present invention resides in that an epoxy resin 
containing fluorine atoms is used as a starting material for the epoxy(meth)acrylate restn. As the results of the 
very fact that the epoxy(meth)acryiate resin contains fluonne atoms, it forms a cured product having a lower 
refractive index as compared to those of the conventional epoxy(meth)acrylate resins and thus improved 
remarkediy in matching of the refractive index with those of the optical fibers and quarz glass. The 
fluorine-containing eooxy resins (diglycidyl ethers) ll, which may be used as the starting materials for the 
epoxy (meth)acrylate resins of the invention, may be prepared by reacting the corresponding fluorine-contain- 
ing diols with epichlorohydrin. An example of the known processes which may be utilized for the preparation of 
the fluorine-containing epoxy resins II is a process wherein benzyltrimethylammonium chloride is used as a 
catalyst as disclosed by A. L. Cupples, 'Advan. Chem. Sen', Vol 92, pp 173 to 207(1970). 

In the reaction between the fluonne-containing epoxy resin and acrylic acid or methacrylic acid, it is 
preferred that 2 to 10 mois of acrylic acid or methacrylic acid is used per 1 mol of the epoxy resin. The reaction 
rate may be increased by the addition of a catalyst, for example, a compound selected from tertiary amines, 
such as triethylamine and trimethylamine. and quarternary ammonium salts, such as benzyltriethylammonium 15 
chloride and tetrabutyiammonium bromide. In order to inhibit thermal polymerization of acrylic acid or 
methacrylic acid during this step, it is desirous that a thermal polymerization inhibitor, such as hydroqumcne, 
quinone ortert-butyl pyrocatechol, is added to the reaction system. The fluorine-containing epoxy(meth)acry- 
late resins provided in accordance with the present invention, is cured simply by irradiation with an UV ray. 
However a resin composition having a more sensitive photo-curable property may be prepared by the addition 20 
of a photo polymerization initiator or a sensitizer. Examples of the additives acting as a photo polymenzation 
initiator or a sensitizer include benzoin ethyl ether, benzoin isobutyl ether, benzophenone, benzyl dimethyl 

ketat and Michler's ketone. |U „ . . . . 

The adhesive composition, according to the present invention, comprises the fluonne-containing 
epoxy(meth)acrylate resin and a photo polymerization initiator. As the result of the very fact that the 25 
epoxy(rneth)acry!ate resin included in the adhesive composition as the main ingredient contains fluorine 
atoms it forms a cured product having a lower refractive index as compared to those of the conventional 
adhesive compositions mainly composed of ordinary epoxy(meth)acry!ate resins (containing no fluonne 
atoms) and thus improved remarkediy in matching of the refractive index with those of the optical fibers and 

quarz glass. . . 

In f n - 'lucrin^ontaining epoxyfmethlacrvlate resin used in the adhesive composition of this invention, the 
fluorine-containing hydrocarbon R f is selected from the group consisting of ^C(CF 3 ) 2 ^ (where 0 stands for 

~ <Q>-)' -C(CF 3 ) 2 -?J T -C(CF 3 ) 2 - (where 0' stands f or ) 
and -CH 2 (CF 2 )^CK 2 -. 
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The adhesive composition of this invention may be added with a compound acting as a photo polymenzation 
initiator or a sensitizer, such as benzoin isobutyl ether, benzyl dimethyl ketal, benzoin ethyl ether, 
benzophenone or Michler's ketone, to form a photo-curable resin composition having an improved sentit^ty 
to light On the other hand, the storage stability of the adhesive composition may be improved by the addition 
of a radical polymerization inhibitor, such as quaternary ammonium chloride, benzothiazol, hydroqumone and 45 
methyl ether thereof or tert-butyl pyrocatechol. ,.„u^ r „ lc t 

It Is also possible to add the adhesive composition of the invention with a radical polymerization initiator just 
prior to the use thereof to accerelate curing reaction, the specific examples of such a radical polymerization 
initiator conveniently added to the adhesrve composition of the invention being peroxides such as benzyl 
peroxide, azo compounds such as azobisisobutylonitriie, and redox system initiators such as a combination of 50 
cumen hydroperoxide and an Fe(ll) salt. * h ^r>* 

The present invention will be described more specificaly with reference to some Examples thereof. 
However it is noted here that the invention should not be limited to the Examples given hereinafter. 

Prior to the detailed descriptions of the specific Examples, the abbreviated notations used for identifying the 
fluorine-containing epoxy(meth)acrylate resins used as the main ingredients will now be listed below. 55 

(1) AFGA: Diglycidylacrylate of bisphenol-AF; 

(2) AFGMA: Digtycidylmethacrylate of bisphenol-AF; 

(3) BBGA- Diglycidylacrylate of 1 ,3-bis-(2-hydroxy 1 ,1 f 1 ( 3 f 3,3-hexafluoropropyl)benzene; 

(4) BBGMA: Digtycidylmethacrylate of 1 t 3-bis-(2-hydroxy-1.1.1,3.3,3-hexafluoropropyl) benzene; 

(5) DOGA- Diglycidylacrylate of 2,2,3,3,4,4,5,5,6,6, 7,7-dodecafluorooctane-1 1 8-diol; and 

(6) DOGMA* Digtycidylmethacrylate of 2,2,3,3,4,4,5,5, 6,6,7,7-dodecafluorooctane-1,8-diol. 
The abrreviated notations of the conventional epoxy(meth)acrylates used in the Comparative Examples are 

as follows: 

(7) AGA: Diglycidylacrylate of bisphenol-A; and 

(8) BGA: Diglycidylacrylate of butane-1 ,4-diol. 
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Into a 500 ml volume three-neck flask provided with a thermometer, a stirrer and a reflux cooler, charged 
were 23g of digtydidyl ether of bisphenol-AF (Epoxy Equivalent: 230), a fluorine-containing epoxy res.n, 38g 
of acrylic acid 1 Og of benzyltrimethylammonium chloride. 1.0g of hydroquinone and 250 ml of toluene. The 
content in the 'flask was heated to 1 14° C for 6 hours under agitation and under reflux. Thereafter, the reation 
system was subjected to distillation at reduced pressure to remove unreacted acrylic acid and toluene from 
the flask. The resultant reaction product was dissolved in ethyl ether. The thus obtained solution in ethyl ether 
was added with an aqueous solution of sodium carbonate to be neutralized. The ether phase was rinsed with a 
large volume of water and then separated from the water phase. The separated ether phase was added with 
anhydrous magnesium sulfate for drying. Ether was then distilled off from the solution to obtain 25g of a 
transparent epoxyacrylate resin of feeble brown color. 

The infrared absorption spectrum chart of the thus obtained product is shown in Fig. 1. As shown 
absorption peaks at 3445 cm- 1 due to OH group, at 1725 cm- 1 due to C=0 group of an ester bond, and at 
1640 cm- 1 and 1400 cm- 1 due to vinyl group. The peak at 915 cm- 1 due to epoxy group found in the infrared 
absorpition spectrum of the starting epoxy resin disappeared. The product prepared by this Example a 
represented by the following structural formula of: 

CF 

i 3 

CK,.CH-C-0-CH 2 -CH-CH 2 -0- <0>-C- <C> -OCH.-CH-CK.-O-O-CH^CH, 

2 I in « 3 0H ° 

The thus synthesized epoxy acrylate resin was coated on a slide glass to from a 150 urn thick coating which 
was then cured by irradiating with an UV ray (26 mW/cm*) from an ultra high pressure mercury lamp at the 
room temperature. The change of the refractive index of the resin during the curing step was continuously 
observed. The refractive index reached a constant level after irradiating with the UV ray for 60 seconds. The 
refractive index (n » ) of the final cured mass was 1 .525. The superscript 20 means that the refractive index 
was measured at 20" C, and the subscript D means that the wave length of the light used in the measurement 
was 589.3 nm (D-line of sodium). 

^rrSriya s in Example 1, 30.2g of a diglycidyl ether of bisphenol-AF (Epoxy Equivalent: 302, n - 0.2, 
represented by the following structural formula). 

/ ^3 \ 
CH 2 -CH-CH 2 -oj(0>-C-<^K)CH 2 -CH-CH 2 -o|<^-^-0-CH 2 -CH-CH 2 

\ CF 3 i>-2CF 3 

45 18 1g of methacrylic add, 2.0g of benzyltrimethylammonium chloride, 1.0g of hydroquinone and 150 ml of 
toluene were charged into a three-neck flask, and the mixture was refluxed under agrtation at 114- C for 5 
hours. The reaction mixture was then subjected to distillation at reduced pressure to remove unreacted 
methacrylic acid and toluene. The resultant reaction product was added wrth ethyl ether to be d ssotved 
therein The thus obtained solution in ethyl ether was neutralized by adding wrth an aqueous solution of sodium 

so hydroxide, and the ether phase was separated and then rinsed with a large volume of water. Anhydrous 
magnesium sulfate was added to the ether phase for drying purpose. Ether was then distilled off from the ether 
phase to obtain 30.0g of a transparent epoxy methacrylate resin of feeble brown color. 

The infrared absorption spectrum of the epoxy methacrylate resin had a peak at 1715 cm- 1 due to C=0 
group of an ester bond, and a peak at 1640 cm- 1 due to CH 2 =C(CH 3 )-group. The absorption peak at 915 

55 cm- 1 due to epoxy groups of the starting material epoxy resin disappeared. The thus prepared 
epoxymethacrylate resin, under the uncured condition, has a refractive index of n J = 1.512, ana is 
represented by the following structural formula of: 
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The thus synthesized epoxyacrylate resin was coated on a slide glass to form a 150 u.m thick coating which 
was then cured by irradiating with an UV ray (25 mW/cm*) at the room temperature for 6 minute^The coated 
film was completely cured thereby. The refractive index of the cured coating was n , - 1.526. 

^to^fhre e-neck flask charged were 10.6g of diglycidyi ether of 1,3-bis<2-hydroxy-1,1,1,3,3,3-hexafluoro- 
propyllbenzene (Epoxy Equivalent: 280, n=0.1, n » = 1.433). 0.6g of hydroquinone, 0.75g of 
berSltrimethylammonium chloride and 100g of toluene, followed by reflux at 114" C under vigorous agitation. 
A solution containino 14.4g of acrylic acid dissloved in 15g of toluene was dropwisely added over a penoa of an 
hour Then the content in the flask was refluxed for additional 5 hours, and then subjected to distillation under 
reduced pressure to remove unreacted acrylic acid and toluene. The residue after distillation was aissolvea ,n 
ethvl ether to obtain a solution which was neutralized with an aqueous solution of sodium hydroxide. The ether 
chase was separated and rinsed with distilled water for one time, and then rinsed with a saturated aqueous 
solution of sodium chloride for two times. After removal of ether by distillation, 72g of transparent epoxy 
acrylate resin of feeble yellow color was obtained. 

The infrared absorption spectrum of the thus prepared product had a peak at 1715 cm- 1 due to C = 0 group 
of an ester bond and peaks at 1 640 cm - ' and 1 410 cm- 1 due to vinyl group. The absorption peak a. 91 5 cm - 
due to epoxy groups of the starting material epoxy resin disappeared. The thus prepared epoxy acrylate resin, 
under the uncured condition, has a refractive index of n V - 1-440, and is represented by the following 
structural formula of: 
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The thus synthesized epoxyacrylate resin was coated on a slide glass to form a 150 pm thick coating wh.ch 
was then irradiated with an UV ray (26 roW/cm*) at the room temperature for 4 minutes. The coated film was 
completely cured thereby. The refractive index of the cured coating was n ,= 1.454. ^ 

^toaftree -neck flask charged were 106g of diglycidyi ether of 1 ,3-bis(2-hydroxy-1 ,1 ,1 .3,3,3-hexafluoroprc- 
pyQbenzene (Epoxy Equivalent: 280, n = 0.1. n " = 1.433), 0.6g of hydroquinone, 0.75g of benzyttnmethy- 
lammonium chloride and 100g of toluene, followed by heating to reflux at 1 14°C under vigorous ag.tahon A 
mixture of 17 2g of methacrylic acid and 25g of toluene was dropwisely added into the flask over a period of an 60 
hour. After the completion of dropwise addition of methacrylic acid, the content in the flask was heated to 
reflux for additional 5 hours, and then subjected to the treatments similar to those as described ir "Example 3. 
As a result 7 8g of a transparent epoxymethacrylate resin of feeble yellow color was obtained. The infrared 
absorption spectrum of the thus obtained product is shown in Rg. 2 which shows a peak at 1715 cm- 1 due to 
C-0 group of an ester bond, and peak at 1640 cm- 1 due to CH 2 = CCH 3 - group. The absorption peak at 915 65 
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m ,nc nf the startina material epoxy resin disappeared. The thus prepared epoxyacryiate 
^ undent Z7nS^Z of n» - 1*3. and is .presented by the foiling 

structural formula of: 
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was complete^ cured thereby. The refractive index of the cured cortng was n , - 1-457. 

£t V 9 t^^^^^S^^^ md peaks at 1640 ^ and 1410 

^'vlTflSi^ruSi formula^ the product will he g.en be.ow. 
CH,=CH-C-0-CH 9 -CH-CH -O-fcH 2 (CF 2 ) 6 -CH 2 -O-CH 2 CH-CH 2 0A- 
II I 



O 



OH 



0.1 



— CH 2 ( CF 2 ) 6 CH 2 -0-CH 2 -CH 7 CH 2 -0-C-CH=CK 2 



OH 



E XAMPLE 6 ooq^A4^5S67 7-dodecafiuorooctane-1,8-ciIol 

-^iiaTiTas - Example 5, 26g «* * bromide, 1.0g of 

(Epoxy Equivalent: 260, n = 0.1), 18.1g of h m6t ™'° hr ^- U f 9 fl_ k fo „ owed heating to reflux the content 
hydroquinone and 100 m, spe'ctrum of the product 

in the flask. 15.6g of an epoxyrnethacrytoe w*s obtoned- ^ e «P ' ^ ^ bond ^ 

epoxymethacrylate had an ^f^^t^^J^e absorption peak at 905 en.-* due to the 

,r f d f d6CaflU0 
SSpSS. The product is represented by the following structura! formufc of: 
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T*e uncured product had a refractive index (n » ) of 1 .41 8, and it was irradiated with an UV ray similarly as in 
SamS 5 to be completely cured within 60 seconds. The refractive index of the cured mass was 
n y = 1.437. 

20 

EX me P rffrac tive indices of the uncured fluorine-containing epoxy(meth)acrylate resins prepared by 
Examoles 1 to 6 (n " , the superscript 20 indicates the temperature at which the measurement of retractive 
index was conducted and the subscript D indicates that the D-line of sodium having a wave length of 589 3 nm 
was uS in the measurement) are shown in the following Table 1. Meanwhile, rt is noted here that he 
refractive indices of the fluorine-conta.ning epoxy(meth)acrylate resins increase aftercunng because of the 25 
increase in density caused by shrinkage during the curing step. 



Table 1 
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Uncured Fluorine-containing Refractive Index 
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Epoxy (meth )acrylate Resin n p 35 



AFGA 


1.512 


AFGMA 


1.512 


BBGA 


1.440 


BBGMA 


1.443 


DOGA 


1.416 


DOGMA 


1.418 


AGA 


1.542 


BGA 


1.488 
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The irradiation dose dependency of the curing reaction of a base AFGA resin was ; exa tinned by trying the 
added amount of benzoin isobutyi ether (hereinafter simply referred to as "BBE") acting as a photo 
polymerization initiator. The irradiation dose dependencies of the curing reactions of the ex ^ 
impositions when irradiated with varying dosage of an UV ray were determined by a Gray Sc ^ M ^ 
using Step Tablet No. 2 produced by Eastman Kodak Co. (In this connect.on, reference should be made to L 
M Minsk etai J AppL Poly. ScL, 2, No.6. 302 to 307 (1959).) The thickness of the resin coating was 75 urn, and 
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toluene was used as the developer. 



10 



15 



20 



25 



surface roughness teste c irradjation or dose of m UV ray having a wave 

epoxyrnethacryfcte resin base , eoagjWoj, taJJJ^SS SiSSSSn^Uy -n*r to the method as 

A shows the result of ^ p % g P S£ S«ng the" marks O shows the 

the result of the cornposrtion P ro ^J^S Q A^e results £iw that the DOGA base composition has the 
result of the comporfbon . prepared fr ^ e D °f th ^^ A U,t ^^ posffions have substantialiy equivalent 
ISSS^^-^Si S Sen cured complete, by dosing with an irradiation amount of 

^shows^^^^ 

SO prepared by us.ng an ^^^^^Zva 2 wt£Sf BBE is shown in the Figure. As should be 
SSS^^e^'^^ curfng reaction of AFGA -aerated consider ny tne 
XoTof BDK, together with remarked improvement >n sensmvrty to UV rays. 

35 EXAM PLE 8 . . „ ( ,| n „ nf -r n n f +he cured masses of adhesive 

40 composmons^Each of the adhesrve ^° m P«™ ^ M of 20 mm, and the two BK7 glass plate were 

sss^rss * s . ^ « . - 1 «" * ■ 

55 bisphenoi A (AGA) containing no fluorine atom. 
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Table 2 



Example 


Used 


Adhesive Tensile 


Refractive 


Tg 


5 


No . 


Resin 


Shear Strength 


Index 










2 

(kgf/cm ) 


< n D > 


CC) 


10 


1 


AFGA 


45 


1 .525 


93 




2 


AFGMA 


53 


1.526 


90 


15 


3 




70 


1.454 


86 




4 


BBGMA 


73 


1.457 


82 


20 


Co mp . Ex . 


AGA 


60 


1.565 


92 




Note: 


Each of 
2 wt% of 


the adhesive compositions contained 
BBE. 


25 



Example Nos. 1 to 4 have the refractive indices smaller than the refractive index of the Comparative 
Example Since the adhesive compositions of the invention have fair adhesive properties and acceptable Tg 30 
generally equivalent to those of the Comparative Example to reveal the utilities thereof as adhesive 
compositions having low refractive indices. 

The properties of the non-aromatic epoxy(meth)acryiate resin base adhesive compositions of the invention, 
which are prepared from DOGA and DOGMA, are shown in Table 3, together with the properties of a* 
Comparative Example prepared from digiycidyl acrylate of butanedioi (BGA). 35 

Table 3 



Example 


Used 


Adhesive Tensile 


Refractive 


Tg 


No. 


Resin 


Shear Strength 


Index 








2 

(kgf/cm ) 


/ 20 . 
<n p ) 


CC) 


5 


DOGA 


25 


1.434 


39 


6 


DOGMA 


30 


1-437 


- 37 


Comp . Ex. 


BGA 


23 


1 .503 


29 



Note: Each of the adhesive compositions contained 
2 wt% of BBE. 

Both of Examples 5 and 6 have the refractive indices lower than that of the BGA base Comparative Example, 
and have higher Tg values. It will be readily seen from the results that the fluorine-containing 
epoxy(meth)acrylate resin base adhesive compositions, according to the invention, are improved also in their 
adhesive strengths to be more conveniently used as the adhesive compositions for glasses. 
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B< Rie fluorine-containing epoxy(meth)acryiate resins were mixed with BGA and BGA and further added with 2 
wto/o of BBE acting as a photo polymerization initiator, and the admixtures were cured by irradiating with an UV 
ray Fig 8 shows the changes in refractive index of respective cured masses calibrated on the ascissa in terms 

5 of the content of fluorine in each admixture calibrated on the ordinate, in Fig. 8, the polygonal line plotting the 
marks A shows the result of the admixture of AFGA and AGA, the polygonal line plotting the marks O shows 
the result of the admixture of DOGA and BGA, and the polygonal line plotting the marks Q shows the result of 
the admixture of BBGA and AGA. 
The results shown in Fig. 8 clearty reveal that the fluorine-containing epoxy(meth)acrylate resins may be 

10 admixed with other ingredients, sucn as AGA and BGA, to form admixtures having controlled refractive indices 
ranging within 1.434 to 1.565. It should be, therefore, apparent that an adhesive composition having a refractive 
index well matched with that of any material for optical members, including quarz glass and quarz glass fiber 
having a refractive index of from 1.46 to 1.48 and the BK7 glass having a refractive index of 1.516, can be 
prepared, with additional merits that the adhesive composition of the invention can be cured rapidly at room 

15 temperature. 

EXA MPLE 10 „ J4> 

AFGA base and DOGA base compositions added, respectively, with 2 wt% of BBE were exposed to an UV 
ray irradiation. The wave length dependencies of the trans mittances of the used masses are shown in Fig. 9. 
20 The thickness of each cured mass was 150 nm. Both adhesive compositions have high transmittances of 
higher than 95<Vo over a wide wave length range of from 0.6 to 1.4 jim, to reveal that they have excellent 
transparency within a wide range. 

The similar experiments had been conducted by using AFGMA, BBGA, BBGMA and DOGMA m place of 
AFGA and DOGA. Equivalent results were found to reveal excellent transparency of the adhesive 
25 compositions of the invention. 

Although the invention has been described with reference to presently preferred embodiments thereof, it ts 
to be noted that the invention should not be limited only to the embodiments specifically descnbed, by way of 
example Many alternations, modifications and equivalents thereof can be readily seen by those skilled in the 
art without departing from the broad scope of the invention defined in the appended claims. It is thus intended 
30 to include all such alternations, modifications and equivalents within the scope of the present invention. 
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Claims 

1 . A fluorine-containing epoxy(meth)acrylate resin represented by the following general formula (I) of: 
X 

CH^=C-C-0-CH -CH-CH -0-(-R f -OCH 2 -CH-CH 2 -0- 
H 1 

O OH \ OH J n 

X 
f 

— R--OCH--CH-CH-,-0-C-C=CH- ( 1 ) 

OH 0 

wherein is selected from the group consisting 



of -0-C(CF 3 ) 2 -tf- (where stands for - (q) -) , 



_C{CF ) n -$*-C(CF -)-,- (where <t> x stands f or ^fo)" } 

and -CH 2 (CF 2 )6CH2-; n is zero or a positive integer; and X is hydrogen or methyl group. 
65 2- A process for preparing a fluorine-containing epoxy(meth)acryiate resin represented by the following 
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general formula (I) of: 
X 



10 



CH,=C-C-0-CK 2 -CH-CH -0i-R f -0CH 2 -CH-CH 2 -0- 

0 OH V OH /n 

X 
I 

_R -OCH.,-CH-CH-,-0-C-OCH (D 
f 2 J ' II 

OH 0 15 

wherein R, is selected from the group consisting 

of -*-C(CF 3 ) 2 -!i- (where i> stands for - ^ 

-C(C? 3 ) 2 -0'-C(CF 3 ) 2 - (where 0' stands for^(8j ) 
.nd^.(C* 2 >.CH*^^ 



3a 



O CH 2 ^CH-CH 2 4H f -O-CH 2 -CH-CH 2 -0 1 K f -0-CH 2 -C^ r/ CH 2 ( II , 

Z Q ' \ OH /n 

wherein R f is selected from the group consisting 

of -rf-C(CF 3 ) 2 -*- (where * stands for - <5> -> . 

x C(CF ) - (where (6' stands for ~t§T ) 

-C(CF 3 ) 2 -P -<-^(-t 3 ; 2 i 

a nd-CH 2 (CF 2 )6CH 2 -andni S zerooraposrtiv^ -j^ger .^^ trjethylamlne and 

^^'^^^ ^-V—u m ch,nde and tetrabuty- 

lammonium bromide. methacrylic acid is used in an amount 

epoxyTmeSacryiate resin represented by the fo»g genera, formula (I) of . 
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CH =C-C-0-CH -CH-CH -O-f-R -OCH -CH-CH- -0- 
ll 1 I Z 1 1 Z ' 2 



?5 



20 



25 



OH I OH 

X 

10 I 

— Rf -OCH -CH-CH^ -0-C-C=CH ( I } 

i ([ Z 

OH 0 

wherein is selected from the group consisting 
of -0-C(CF 3 ) 2 -0- (where 0 stands for - {O) -), 
-C(CF 3 ) 2 -0 , -C(CF 3 ) 2 - (where 0* stands f or "CoJ ) 



and -CH2(CF 2 )6CH 2 -; n is zero or a positive integer; and X is hydrogen or methyl group. 

6. The adhesive composition as claimed in claim 5, wherein said photo polymerization initiator is 
30 selected from the group consisting of benzoin butyl ether, benzyl dimethyl ketai, benzoin ethyl ether, 

benzophenone and Michler's ketone, and used in an amount of from 2 wWo to 10 wt% based on the 
weight of said fluorine-containing epoxy(meth)acrytate resin. 

7. The adhesive composition as claimed in claim 5, wherein a mixture of said fluorine-containing 
epoxy(meth)acrylate resin and said photo polymerization initiator is cured by exposure to an irradiation of 

25 an UV ray having a wave length ranging from 320 to 400 nm at room temperature for 1 to 1 0 minutes. 

8. The adhesive composition as claimed in claim 5, wherein the cured mass of said adhesive 
composition comprising said fluorine-containing epoxy(meth)acrylate resin and said photo polymeriza- 
tion initiator has a refractive index n *° of from 1 .434 to 1 .532. 
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FIG. I 
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FIG. 5 
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FIG. 7 
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FIG. 8 
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